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X-Ray Absorption Edge Studies in HMTSeF, 
(HMTSeF)(TCNQ) and (H}ITSeF)(TCNQF4~ P.M. GRANT, 

\\1. D. GILL, H. MORAIHTZ, K. BECHGAARD, t and D. L. SAYERS, >" 

IBN Research Lab.--\\Te have measured the Se Ka absorp
~ 

tion edge spectrum in HNTSeF, (HMTSeF) (TCNQ) and 
l-:::- (HHTSeF) (TCNQF4)' The charge transfer state of the 

IDITSeF molecule in these three compounds is believed to 

) = be 0,0.74 and 1, respectively. HMTSeF and (IDITSeF) 
J=-- (TCNQF4) are insulating while (HMTSeF) (TCNQ) has the 

highest room temperature conductivity of known TCNQ 
salts. If the net charge transfer state in (IDITSeF) 
(TCNQ) were to arise from a \\Tigner lattice of distri 
buted neutral and ionic molecular species, as opposed 
to a uniform continuous charge distribution, the sim
plest model for th~ Se x-ray absorption in the cation 
would suggest its spectrum should be a weighted super

'---'" position of the spectra resulting from HMTSeF and 

( H}lTSeF) (TCNQF4)' This does not appear to be the re

sult. We will discuss the effects of excited state 

l ife t ime and re laxat ion which c omp licate the 3.hOV2 


simple picture. 

tH.C. ,Oersted Inst., Copenhagen, Denmark. 
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In the SeCN ca se, the three-dimensional ordering of the 
charge density waves be l ow To = (175t5 )K drives a 

).:. 
tetragon~ l to Monoclinic s tructural transition, rathe r 
than s imply an increase in the monoc linic angle as i n 
SCN . In the"TCNQ compound, the angle 6 exhibits a small 

J.,,: deviation ($ 0.04%), for tempera ture s near 38 K to 47 K,• from the smooth variation of th e lattice constants a, b 
and c. 

AE 11 Structural. Electrica l and Spectral Studies of 
Several Members of the Cl ass of Conductive Low· 
Dimensional Haterials--TIF.Ix ' T.J . MARKS, R.C. TEITEL
BAUM, B.S. Mc CLURE, C.R. KANNEWURF, Northwestern 11.:: 
C.K. JOHNSON, Oak Ridge Nat. Lab.t, and S.L. RUBY, 
Argonne Nat. Lab.t--The organic donor tetrathiafulvalene, 
TTF, forms a number of highly conductive phases with 
iodine. Identification of the form of iodine present 
(Le. 1-, 12' 13' IS or mixtures thereof) a11m,s a 
direct measurement of the degree of partial oxidation 
(incomplete charge transfer) in these materials . We 
report here comparative re s onance Raman, X-ray crystal
lographic, and iodine·129 MOssbauer studies on the mate
rials TTF.IO.7l, two forms of TTF.I2 (one new, tri 
clinic), and TTF.I3 (new, monoclinic) which reveal donor
acceptor orientations and the degree to which the 
stacked 'rTF molecules have been oxidized. We also 
report variable temperature four-probe electrical con
ductivity measurements. 

~Supported in part by th e NSF-MRL program under grant 
No . DMR 76-80847 and in pa r t by the Office of Naval 
Research 
tSupported by the Department of Energy 

~ 

AE 12 Seebeck Coefficient s of TTF C~.67.* TIMI R 
DATTA, R. J. DECK, A. ~1. HE RMANN, Tulane Univer
sHy; R. B. SOMOANO, Jet Propulsion Laboratory-
The Seebeck coefficient of TTF Ct .67 will ,be re
ported. The observed room temper at ure va l ue 
(+6.5 pV/K) is relativelY insensitive to t emper

e ature above 230 K ,below which temperature it be
comes large and r emains positive . The hi gh 
temperature value ; s cons ider ably l arge r than that 
reported previously for TTF CI.70, + 0.5 pV/K. 
Thes e find inQs will be di scussed in comoarison 
with t hermoe l ec tric data of other TTF ha l ides and 
pseudohalides . 

*Supported in part by JPL Contract No. NAS-7-l00, 
sponsored by NASA 

A E 13 Opti cal Pro ert.i l':s as 01 Func tio n of Band rill j nq : 
(lIMP) )! (Phellh _x Tom . 0.5 X .0 . B A. ,IE W:;TE HI. 
M. L. SLADE. Arm . J . EP STE m, Xerox ~'Je bs t e r Researc h 
Centel-, il.Y . 1458U; J .3 . I1lLL ER Ro c blel l I n t., C~l if . 
91360: -- Vie have measured the room tem pera tu l'e polarized 
reflecti vity of single cl'ys ta ls of this i somorphou s ser
ies of ma t eri a ls from 1.5 eV to .2 eV. A Drude-like edge 
is ob served for 1 i gh t pola r ized parallel to the TCNQ 
stacking (a-) a xi s. For X = 1.0 our resul ts agree with 
the pr evious work of Viri ghtnn et al . on (NMP) (TCNQ). For 
increasing phenazine co ncentr ation this edge is observed 
to shift to 10Vier energy , consistent with decreasing band 
filling (ch arge trans f er). The r e is no Drude-like edge 
for light polarized perpendic ul ar to the a-axis, although 
a mo 1ecu 1ar mode at: 'J7 eV, presumably as soc i a ted wi th 
the presence of phenazine, bec omes apparent for X< i.O. 

AE 14 ELECTRON SPIN R ESONANC E PROPERTIES AS A 
FUNCTION OF BAND FI LLIN G: (NM P) ,(Phen)I_}TC NQ ), ~ 

~ x 7 1.0. A.P. TROUP and A.J. EPSTE/'N, Xerox Corporntion,
W~bster Research Cen ter, Webs ter, N.Y. 14580 and J.S. 
Miller, Rockwell In\, Sci ence Ctr., Thousand Oaks, CA 91360
- We have measured the temperature dependence of the ESR 
si gnal of single crys tals of thi s isomorphous se ries of materials 
for 6~T~30 (}K . Lin ewi dths, g-values and microwave suscep

e 	 tibility a re exnm in ed as 8 fun ction of T and x. The linewi dth 
lJier ell, ed with phen"", ne ooping .vllll e g(TI d r'p~1lrS f..:!l llt ivcl y 

insensit ive _to x for large x. The microwave susceptibility 
varies as T l' ( l' - 0.8-0.9) for T <40K, in agreement with de 
susceptibility. Comparison witll the dc susc eptibility and other 
experiments and mod els will be presented. 

AE 15 Magnetic Susceptibilit Studies in a sy)tem 
with Varying Disorder and Charge Transfer: NMP x-
Ifh~iih-x(TCNQ) , ..Q.5 S x 3: 1 .0. . J . EPSTEI N. Xerox 
Webste r Research Center, Rochester , N. V. 14644. and 
J. S. MILLER. Rockwell Int. Science Center, Thousand 
Oaks, Calif. 9l360.--Detail e d studies of the dc mag
netic susceptibility of th is isomorphous series is re
ported. Measurements were made over a temperature 
range of 1.8K to 320K and for magnetic fi e lds of up 
to 80K De. Below 30K, the susceptibility, X, in
creases with decreasing temperature, T, as X : AT-Y. 
with A and y constant. This interpreted as the con
tribution of a few percent of localized spins with a 
probability distribution of e xchange of the form 
P(J) ~ J-Y. The exponent y is found to be only weakly 
sample and x dependent, demonstrating that large 
change s in the degree of disorder have little effect 
on t his behavior. The prefactor A' decreases \~ith ini
tial phenazine doping consistent with the replacement 
of radical NI~po. molecules with spinless Phen°. Other 
chemical pos s ibilities will be di sc ussed. Data for 
T > 30K are di scussed in terms of large coulomb inter
actions among delocal ized electro'ns. These results 
are consistent with transport studies in this system. 

AE 16 Alte.mpts to Observe Mi n imum Hetallic 
Condnc tivity i n "l-D" Conductors . G. J. Dolan, D. D. 
Os heroff and D. C. Tsui, Bel l Laboratories, Murray Hi ll, 
N.J.--According to recent theoretical arguments by 
D. Thouless, any long, narrow conductor \Jill show an 

increase in resistance at suffici ently low t en,peratures 

(be~oming an insulator a t T=OK) so J on'g as its nominal 

r e s i s tance e,xceeds r = ~ ;; 4000.1. (1) I n an effort to 


verify Thoules s ' hypo th~sis we have made r esistance 
measuremen t s on evaporated th in f i lm '')...fires '' of Au and 
AU5SPd42 and on Silicon Mosfet:, Ioiith long, narr ow gate 
e l ect rodes down to temperAtures as low a s 1 0 fil<. NuU 
r esul t s have been obt a i ned on specimens easil y eat .isfy
Lng, Tho u1 2ss t critcrria f or observation ~ However , aG 
yet unexplained t emperatur e dependent lncr eas cs i n the 
zero bi as resi stance of 	some very t hi.n, high resis t ance 
thin f i lm "wires" (r :: 6Mn , gr eatly exceedi ng t he 
Thoulc.s s requi r ement) s uggest tha t further study of 
su~h sys t ems t s desir able. 

1. D. Thouless, Phys . Rev. Letters~, 1168 (1977). 

SFlI'P/,'menlOry Pr('~ram 

AE 17 X-Ray Absorption Ed ge St ud i es in H1'ITSef ! 
(HMTSeF ) (TCNQ) and (HMTS eF) (ICNQF4.h P. H. GRlu''n, 
W.D. GILL, H. HORAWITZ , K. BECHGAARD ,t and D.L. SAYERS,* 
IBH Research Lab.--We have measured the Se Ka ahsorp- , ~ 

tion ed ge s pe ctrum in HMTSeF, (HMTSeF) (TCNQ) and 
(HHTSeF) (TCNQF4) ' The charge t r ansfe r state of the 
l~ITS e F molecule in t hee.e three compounds'i s believed to 
be 0 , 0.7 4 and 1, r espe ctively. HMTSeF and (H}ITSeF ) 
(TCNQF4 ) are insulating while (HHTSeF) (TCNQ) has t he 
highest room temperature conductivity of knmm TCNQ 
sal ts . If the net charge transfer state in (HMTSeF) 
(TCNQ ) \Jere to arise fr om a Wigner lattice of distri 
buted neutral and ionic molecular species , as opposed 
to a uni f orm continuous charee distribution, the s im
plest mode l for the' Se x-ray absorp tion in . t he cat ion 
would sugges t its spectrum should be a \Jeighted super
pos ition of the spectra result ing from HMTSeF and ~ 

(]"I
(HMTSeF) (TCNQF4)' This does not appear to be the re
s ult. We wil l di s cuss the effects of excited s tate 
li fe time and r e laxa tion which compl ica te 
simple pi c ture. 

tH.C. Oersted Inst., Copenhag.en, Denmark. 

A~L'':' . St3: ~(: r ot Ra11~lgh, !lC 2 7607 . 
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complex, distinguishable from the balk ~. 

at the a-b surface. Empirical evidence~' 

this surface layer is characteristic cf '''gI:Iodi ' ' 
or ganic conductors. Of the 24 o rganfe candunt'o:-r 
candidates examin2d, r.nly one (TTF-T~ 
which showed clear evidence of the ~~ 
gave a powde r-compact h n resistivity g:reIt:er 
than 1 n cm. 

For samples with specula r su rfaces, it ~$ pt'.J$

sible to decr ease the eff ect ive s ampling deptfu Cy 
to-werlng the elect r on take - ofr angle , 8, between 
the electron-ana lyze r entrance and the plane of 
the s a mple surface. Grazing-angle spect ra for 
TTF- TCtiQ we r e taken on a DuPont 650B elec
tron spectrometer by mounting 20- 50 solution
grown cryst:lls ' on s tubs special!, machined fo r 
90° a nd 15° take-off angles (see Fig. 1). T he crys
ta ls were close ly pa cked so as to cover the entire 
s u r face of the holder and were aligned with the ir 
needle axis paraLle l to one :tnother (a-b plane ex
posed). Other compounds , p repared by lite r a
tu r e procedu re s,7.8 were s tud ied as powders using 
a Var ian l EE- 15 spectrometer and an inst ru ment 
previou sly described. iI

. 
lo An analog curve res ol

ver was used to deconvolute overlapping peaks. 
Figu re 2 compares t:,:pical background correct

ed N IJ spectra from TIF-TCi\Q taken at 8=90 ° 
and 8 =15". The 8 = 90° spectrum exhibits the 
double t structure characteristic of TTF-TCNQ, 
while the 8:0 15' spectrum is dominated by the 
s ingle peak at 399.9-eV binding e nergy (E ,,). En
hancement of this higher E B peak is observed at 
8 = 15' when the cristals are mounted with the 
igh- condu cti \' ity direction both perpendicular to 

and nearly parallel to 'he photoelectron take-off 
direction. Thus it is unl ikely that an anIsotropic, 

1 . ~1~~~~~~~~~~~~~~~~~ 
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FIGi.. z.. IJIlI graz:fng- :mgle spectra (or 'M'F-TCNQ. 

-:isc rete ener gy loss with unit cross section in 
one direction could be responsible for the changes 
evident in Fig. 2. 

Similar changes with 9 a r e also evident in the 
S2, spectra. At 8 = 15° the fu ll width at ha1!-max:
imum of the total S::, enve!otJe dec.eases by 0.3 
to 0. 5 eV and the position s bu ts by 0.2 to 0.4 eV 
toward lower E lJ ' These c!>.anges in the S2, spec
tra are more subtle because the S2, peak has a 
greate r natu ral linewidth (- 0.5 eVl because of 
spin··or bit coupling, and consequently the surface
bulk doublet is not as eas ily resoh·ed. In addi
tion, the kinet ic energy of the 52' photoelectron 
(- 1090 eV) is 25% greater than that ot the N it 

. photoelectron (-855 eV) and the inelast ic mean 
free path of the S2, photoelec tron (As 2,i will be 
greater than AN11 .

11 This s hould r esu lt in rela
tively m ore bulk speci es contributing to the S~, 
spectrum than to the N IJ spectru m, particularly 
at lower take-oft angles. 

Thus it appea rs that, at the a-b surface , there 
is a thin layer of TTF- TCNQ which is distin
guishable f rom .the bulk. (This layer may or may 
not be present at the sudaces of other e~osed 

crystal planes.) In order t o e nsur e that our sp6e 
tra were not impurtty dominated, we subltmlJd 
away ca. 50;(, of our starting material by heatln, 
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